Introduction
Species serve as the basis for describing and cataloguing diversity and are considered to be the basic entities of evolutionary theory (Cracraft 1989) . Many species concepts have been put forward (Stuessy 1990 ), but they are generally of two types; those that emphasize processes (e.g. the 'biological species concept'), and those that are pattern based and emphasize the operational means by which species are recognized (Smith 1994) .
The 'biological species concept' defines a species as 'an interbreeding community of populations that is reproductively isolated from other such communities' (Mayr 1992) . It has been found by many biologists to be untenable in theory, and unworkable in practice, since it can normally only be applied subjectively. Rarely do plant taxonomists have sufficient data concerning reproductive behaviour of taxa for the concept's successful application. The ability to interbreed can transcend well-defined species and even generic boundaries, and thus cannot alone establish discrete, evolutionary boundaries (Cracraft 1989; Templeton 1989) . The biological species concept has only been considered to be objective in cases of sympatry and reproductive isolation, yet in such cases, other species concepts would treat the situation in the same manner (Cracraft 1989) .
In practice, species recognition is often based on patterns of morphological similarity, either intuitively or based upon some combination of multivariate statistical analyses (Crisp and Weston 1993; Smith 1994) . Below the level of species, the definition of taxa is even more nebulous. Five infraspecific ranks are recognised by the Code of Botanical Nomenclature (Greuter et al. 1994) . There is, however, little uniformity in the use and definition of infraspecific ranks by taxonomists (Stace 1989; Hamilton and Reichard 1992) . The rank of subspecies is frequently applied to populations showing any degree of differentiation considered worthy of recognition by the worker (Cracraft 1989) . However, there is a need for infraspecific variation to be expressed in taxonomic terms, 
In practice, species recognition is often based on patterns of morphological similarity, either intuitively or based upon some combination of multivariate statistical analyses (Crisp and Weston 1993; Smith 1994) . Below the level of species, the definition of taxa is even more nebulous. Five infraspecific ranks are recognised by the Code of Botanical Nomenclature (Greuter et al. 1994) . There is, however, little uniformity in the use and definition of infraspecific ranks by taxonomists (Stace 1989; Hamilton and Reichard 1992) . The rank of subspecies is frequently applied to populations showing any degree of differentiation considered worthy of recognition by the worker (Cracraft 1989) . However, there is a need for infraspecific variation to be expressed in taxonomic terms, in order to draw attention to taxa and provide them with names, for communication and access to literature (Stace 1989 -- (1986, 1993 ) the three species were treated as one, each being reduced to subspecies of G. buxifolia. In 1986 McGillivray formally described and named Grevillea acerata, a species that had previously been regarded as a northern 'form' of G. sphacelata R. Br., and which is restricted to the Gibraltar Range, New South Wales. McGillivray (1993) also informally recognised five 'races' within G. buxifolia, two within subsp. buxifolia Ca' and 'c'), two within subsp. phylicoides ('b' and 'd') , and subsp. sphacelata Ce'). McGillivray (1993) , further identified three groups of populations which did not fit into his classification, since they shared features of more than one of the 'races'. Intermediates occur between races 'b' and 'c', 'b' and 'd', and 'c' and 'd' (McGillivray 1993) . However, the morphologically extreme races, 'c' and Ie', occur sympatrically at a number of locations, without apparent signs of interbreeding (McGillivray 1993; Olde and Marriott 1994a; pers. obs.) . Such populations are known to occur in the O'Hares Creek Catchment, around Woronora Dam, Lucas Heights, Royal National Park, Illawong and, possibly, Gladesville. Olde and Marriott (1993a, b; 1994a, b, c; 1995) have revised a number of taxa that had been previously regarded by McGillivray as subspecies or forms. Olde and Marriott (1994a) Thus, as the taxonomy currently stands, G. buxifolia comprises three subspecies: buxifolia, ecorniculata and phylicoides -each with one or two forms -and with some intermediates. Grevillea buxifolia appears to be most closely allied to both G. sphacelata and G. acerata. McGillivray's concept of a species is morphological, whereas Olde and Marriott (1993b) have defined their own biologically-based species concept. Thus the G. buxifolia complex serves as an ideal model with which to investigate the ideas and techniques involved in the delimitation and ranking of species and infraspecific taxa.
The current study attempts to clarify the taxonomic position of the intermediate individuals present in the G. buxifolia complex by way of principal components analysis and cluster analysis, and in doing so reassesses the status of the currently recognised taxa.
Methods
A total of 100 flowering specimens (OTUs) of G. buxifolia s.lat. were chosen to represent the geographic range and morphological variation exhibited by the complex. Of the 100 G. buxifolia individuals used in the analyses, 12 were from G. buxifolia subsp. ecorniculata (race 'a'), 8 were from G. buxifolia subsp. phylicoides pro parte (race 'b'), 22 G. buxifolia subsp. buxifolia (race 'c'), 17 G. buxifolia subsp. phylicoides sensu stricto (race 'd'), 28 G. sphacelata (race Ie'), and 13 could not be assigned to a race. An additional three specimens of G. acerata were included in the analysis, because of this taxon's previous inclusion within G. sphacelata.
Specimens were collected in the field (vouchers lodged at SYD), or were sampled from herbarium specimens from the John Ray Herbarium (SYD) and National Herbarium of NSW (NSW). Prior to measurement the fresh leaves and flowers were stored in a 5% glycerine in 65% alcohol mixture, whereas material sampled from herbarium specimens was rehydrated prior to measurement by heating in a weak detergent solution. Where possible, character reliability of both spirit preserved and rehydrated organs was checked by reference to fresh material.
Te/apea 7 (1): 1996 Where appropriate, the characters employed by McGillivray (1993) and Olde and Marriott (1994a) were included in the data set. In total, twenty-four floral and eleven foliar characters were measured (Appendix 1). Each character was measured from three flowers or from three leaves per specimen; the means were subsequently used to represent each specimen in the analysis. The leaves were removed from the fifth, sixth and seventh nodes below an open conflorescence to reduce allometric differences between individuals.
Computerised image analysis was utilised in the measurement of six of the leaf characters. Unsealed leaves were digitised using a Tracor Northern TN-8502 computer (IPA85 imaging software, Tracor Northern 1987) fitted with a Sony DXC-3000P CCD colour video camera. Measurements of floral characters were made directly using an eye-piece graticule on a dissecting microscope.
Numerical analyses were performed using' A MultiVariate Statistical Package' (MVSP Ver. 2.1, Kovach 1993) computer program, run on an IBM-compatible Pc. The data were range-coded to prevent those characters with the greatest range from dominating the analysis (Sneath and Sokal1973) . Principal components analysis was undertaken using Euclidean distance. The cluster analysis employed Gower's similarity metric (Gower 1971) , and was combined with a UPGMA (unweighted pair-group method using averages) clustering strategy (Sneath and SokaI1973).
The chromosome numbers of all races of G. buxifolia s.lat. were determined from studies of meiosis, obtained from pollen mother cells fixed in 1:3 acetic-alcohol and stained in aceto-carmine.
Results
The observed chromosome numbers indicated that all races of G. buxifolia s.lat. are diploid. The chromosome number of all races was 11 = 10 ( Table 1) .
Ordination of the first three principal components (Fig. 2) resulted in the resolution of five main groups: G. acerata, G. sphacelata, G. buxifolia subsp. phylicoides sensu stricto (race 'd'), G. buxifolia subsp. ecorniculata (race 'a') and a group comprising G. buxifolia subsp. buxifolia, G. buxifolia subsp. phylicoides pro parte (race Ib / ) and all of the unassigned OTUs. The first three principal components accounted for 68.2% of the total variance (Table 2) .
Grevillea acerata and G. sphacelata are separable from the other OTUs in the first principal component (Fig. 2a) based on the extent of stem and petiole trichome appression (characters 25 & 26). The second principal component separates G. buxifolia subsp. phylicoides sensu stricto (race Id') from the other OTUs (Fig. 2a & c) on the basis of the erect trichomes on its abaxial leaf surfaces (character 35). Grevillea buxifolia subsp. ecorniculata formed an identifiable subgroup of the G. buxifolia complex (races Ie', 'b' and unassigned OTUs) in the third principal component (Fig. 2b) because of its lack of a stylar appendage (character 23).
Cluster analysis (Fig. 3 ) resulted in the resolution of the same five groups as determined by Principal Components Analysis (PCA). The only conflict between the PCA and cluster analysis involved the apparent affinities of the unassigned OTUs. In contrast with the PCA, four of the 13 unassigned OTUs were placed with G. buxifolia subsp. phylicoides sensu stricto (race 'd'). All race Ib' OTUs and the nine remaining unassigned OTUs were nested within the race IC' OTUs in the cluster analysis, however, it is clear from the ordination that all of the unassigned OTUs are unequivocally associated with a group dominated by G. buxifolia subsp. buxifolia (races 'b' and Ie'). 
Discussion
These analyses indicated that G. buxifolia comprises two entities: (1) A significant amount of the phenetic pattern of variation within the Grevillea buxifolia complex was found to be size-related. The flowers of G. buxifolia subsp. buxifolia (race , c') are noticeably larger than those of the other races, suggesting the possible presence of polyploidy. However, chromosome counts determined that polyploidy is not, apparently, present within the G. buxifolia complex.
Chromosome number alone is also uninformative as to the possible reproductive isolation of any of the taxa. To prove reproductive isolation is difficult, if not impossible in a genus Table 1 . Chromosome numbers in the Grevillea buxifolia complex. Voucher specimens lodged at SYD.
Taxon
Chromosome no. According to the biological species concept, reproductive isolation is the process which delineates species. Use of reproductive isolation to define plant species makes their identification largely conjectural since morphological disparity or similarity has no necessary place in the definition of the biological species. The mismatch between reproductive isolation and morphological distinctness is evident from the literature on cryptic, sibling and poly typic species (Cracraft 1989; Smith 1994) , and the common occurrence of hybridization between morphologically and evolutionarily distinct G. acerata [3] G. sphacelata (race 'e') [28] race 'd' and one 'intermediate' t [18] three intermediates [3] [37]
races 'b', 'c' + [1] and nine intermediates [1] race la' (G. buxifolia subsp. ecorniculata) [12] Fig. 3 . Dendrogram resulting from the cluster analysis, indicating the presence of four groups within the Grevillea bllxifolia complex. NB. clusters above 0.80 similarity not shown. Number of OTUs in each cluster given in square brackets.
Telopea7 (1): 1996 plant species (Stuessy 1990 ). Reproductive isolation is merely a subset of the numerous possible consequences of the more general process of differentiation (Cracraft 1989) . Thus, in practice, the biological species complex is difficult to apply successfully.
The morphological species concepts are commonly employed. It is assumed that morphological relationships do reflect genetic and reproductive relationships. Morphological data are the most easily obtained, and phenetic methods can handle large data sets in which there are complex patterns of variation. However, defining species morphologically also has faults, and critics believe that this approach is too subjective. Users of the phenetic species concept have to decide which phenetic unit is the one to be called a species (Stuessy 1990) . A specific level of dissimilarity, above which two taxa should be recognised as separate species, subspecies, or other rank, cannot be determined and applied uniformly. In addition to this, there are a number of examples in which biochemical and molecular techniques are in absolute disagreement with morphological species, or with each other (King 1993) . Thus, the biological species concept and morphological species concepts each carry their own sets of implications and limitations (Smith 1994) .
Here, the taxonomy of the Grevillea buxifolia species complex is based upon morphological data.
Taxonomic conclusions
It is clear from these analyses that G. buxifolia subsp. phylicoides is divisible into two groups: race 'b' and race 'd'. Individuals conforming to race 'b' and the previously unassigned individuals are easily accommodated within G. buxifolia subsp. buxifolia whereas those conforming to race 'd' merit recognition at the species level. Race 'd' conforms precisely to Brown's concept of G. phylicoides as lectotypified by Makinson (1997 ined.) , and, therefore, requires reinstatement to species level and a redefinition of the concept of G. buxifolia subsp. buxifolia. Grevillea buxifolia subsp. ecomiculata (race' a') forms an identifiable, but phenetically similar, subgroup of G. buxifolia based only on a single character; the lack of the stylar appendage. Thus on the basis of these analyses, continued recognition of Grevillea buxifolia subsp. ecorniculata is recommended. Grevillea buxifolia as defined here consists of two subspecies: buxifolia and ecomiculata, and is separable at the species level from G. acerata, G. phylicoides and G. sphacelata as outlined in Table 3 and below. 
